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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
making three-dimensional, macroscopically-expanded, 
fluid pervious webs particularly suited for use in a dis- 
posable absorbent article, such as a diaper, sanitary 
napkin, panty liner, incontinence pad, or the like. More 
particularly, the present invention relates to a method 
for making such webs which also include an improved, 
functional textured surface so as to be suitable for use 
as a topsheet on such a disposable absorbent article. 

BACKGROUND OF THE INVENTION 

[0002] It has long been known in the disposable ab- 
sorbent article art that it is extremely desirable to con- 
struct absorptive devices such as disposable diapers, 
catamenials, sanitary napkins, bandages, incontinent 
briefs, and the like, presenting a dry surface feel to the 
user to improve wearing comfort and to minimize the de- 
velopment of undesirable skin conditions due to pro- 
longed exposure to moisture absorbed within the article. 
[0003] Recently, formed film materials having im- 
proved surface characteristics have been developed to 
provide the desirable fluid handling characteristics of 
formed film materials as welt as visual and tactile char- 
acteristics which are perceived as less plastic-like. Ma- 
terials of this variety are described in greater detail in 
WO 97/00656. 

[0004] Although formed film webs provided with sur- 
face texture features as described therein are capable 
of providing desirable visual and tactile attributes, the 
process exemplified therein relied upon the use of pre- 
formed formed film materials as the substrate upon 
which the fibrils were printed and cured. Since the print- 
ing processes therein described were inherently topo- 
graphical in nature, i.e., deposition was accomplished 
by bringing one surface of the web into contact with a 
printing screen or roll, fibrils were only deposited on the 
uppermost surface of the formed film web. In addition, 
the size, pattern density, and orientation of the fibrils 
which could be deposited upon the formed film are lim- 
ited by the comparatively small upper surface area of 
the formed film and by the flexibility and compressibility 
of the three-dimensional, macroscopically-expanded 
structure. 

[0005] Accordingly, it would be desirable to provide an 
improved manufacturing process for producing formed 
film materials with improved functional surfaces which 
permits greater flexibility in terms of the surface features 
which may be provided and consequently a greater 
range of visuat and tactile properties. 
[0006] It would also be desirable to provide an im- 
proved manufacturing process for producing formed film 
materials having improved functional surfaces which 
may be practiced readily, reliably, and economically. 



SUMMARY OF THE INVENTION 

[0007] The present invention provides a process for 
forming a three-dimensional, macroscopically-expand- 

5 ed, fluid pervious web having an improved functional 
surface comprised of a sheet of polymeric material hav- 
ing a first surface and a second surface. A plurality of 
discrete deposits of a water resistant resinous material 
having a pre-determlned open time are deposited on the 

10 first surface of the sheet. The deposits of resinous ma- 
terial are drawn upwardly from the first surface of the 
sheet to form corresponding fibrils during the open time. 
After resinous material has cured, the sheet is fed onto 
a forming structure having opposed surfaces such that 

is the sheet is in contact with the forming structure. The 
forming structure exhibits a multiplicity of apertures 
which place the opposed surfaces of the forming struc- 
ture in fluid communication with one another. A fluid 
pressure differential is applied across the thickness of 

20 the sheet which is sufficiently great as to cause the sheet 
to rupture in those areas coinciding with the apertures 
in the forming structure and to conform with the forming 
structure while substantially maintaining the orientation 
of the fibrils. 

25 [0008] The printing and drawing steps are preferably 
accomplished via a screen printing roll, and the fluid 
pressure differential preferably comprises a high pres- 
sure jet of liquid. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] While the specification concludes with claims 
particularly pointing out and distinctly claiming the 
present invention, it is believed that the present inven- 
ts tion will be better understood from the following descrip- 
tion in conjunction with the accompanying drawings, in 
which like reference numbers identify like elements, and 
wherein: 

40 Figure 1 is a top plan view, partially sectioned, of a 
preferred absorbent article configuration in the form 
of a sanitary napkin incorporating a fluid pervious 
web according to the present invention; 
Figure 2 is an enlarged cross-sectional view of the 

45 absorbent article of Figure 1 taken along line 2-2; 
Figure 3 is an enlarged cross-sectional view of a 
textured film material having a functional surface in 
accordance with the present invention; 
Figure 4 is an enlarged, partially segmented, per- 

50 spective illustration of a preferred embodiment of a 
textured film such as depicted in Figure 3 which has 
been formed into a three-dimensional, macroscop- 
ically-expanded web by the process of the present 
invention; 

55 Figure 5 is a greatly enlarged, perspective illustra- 
tion of an individual fibril 54 such as depicted in Fig- 
ure 4; and 

Figure 6 is a schematic diagram of an apparatus 
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suitable for forming the surface features of fluid per- 
vious webs according to the process of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] While the present invention will be described 
in the context of producing materials particularly suited 
for use in disposable absorbent articles, more particu- 
larly in the context of sanitary napkins, the present in- 
vention is in no way limited to such applications. To the 
contrary, the present invention may be practiced to great 
advantage whenever it is desired to produce three-di- 
mensional, macroscopically-expanded webs not previ- 
ously obtainable using prior art web forming processes. 
[0011] As used herein, the term "absorbent article" re- 
fers to devices which absorb and contain body exu- 
dates, and, more specifically, refers to devices which are 
placed against or in proximity to the body of the wearer 
to absorb and contain the various exudates discharged 
from the body. The term "disposable" is used herein to 
describe absorbent articles which are not intended to be 
laundered or otherwise restored or reused as an absorb- 
ent article (i.e., they are intended to be discarded after 
a single use, and, preferably, to be recycled, composted 
or otherwise disposed of in an environmentally compat- 
ible manner). A "unitary" absorbent article refers to ab- 
sorbent articles which are formed of separate parts unit- 
ed together to form a coordinated entity so that they do 
not require separate manipulative parts like a separate 
holder and pad. A preferred embodiment of a unitary dis- 
posable absorbent article of the present invention is the 
catamenial pad, sanitary napkin 20, shown in Figure 1 . 
As used herein, the term "sanitary napkin" refers to an 
absorbent article which is worn by females adjacent to 
the pudendal region, generally external to the urogenital 
region, and which is intended to absorb and contain 
menstrual fluids and other vaginal discharges from the 
wearer's body (e.g., blood, menses, and urine). Interla- 
bial devices which reside partially within and partially ex- 
ternal of the wearer's vestibule are also within the scope 
of this invention. As used herein, the term "pudendal" 
refers to the externally visible female genitalia. It should 
be understood, however, that the present invention is 
also applicable to other feminine hygiene or catamenial 
pads such as panti liners, or other absorbent articles 
such as incontinence pads, and the like. 

General Description of the Representative 
Absorbent Article 

[0012] Figure 1 is a plan view of the representative 
absorbent article, sanitary napkin 20, in its flat-out state 
with portions of the structure being cut-away to more 
clearly show the construction of the sanitary napkin 20 
and with the portion of the sanitary napkin 20 which fac- 
es or contacts the wearer, oriented towards the viewer. 
As shown in Figure 1 , the sanitary napkin 20 preferably 



comprises a liquid pervious topsheet 24, a liquid imper- 
vious backsheet 26 joined with the topsheet 24, an ab- 
sorbent core 28 positioned between the topsheet 24 and 
the backsheet 26, and attachment means 30 for releas- 
5 ably attaching the sanitary napkin 20 to a wearer's un- 
dergarment. 

[0013] The sanitary napkin 20 has two surfaces, a 
body-contacting surface or "body surface" 20A and a 
garment surface 20B. In a similar manner each compo- 

10 nent comprising the sanitary napkin 20 may have a body 
surface designated by the reference number for the 
component with an appended A and a garment surface 
designated by the reference number for the component 
and an appended B. The sanitary napkin 20 is shown in 

is Figure 1 as viewed from its body surface. The body sur- 
face 20A is intended to be worn adjacent to the body of 
the wearer while the garment surface 20B is on the op- 
posite side and is intended to be placed adjacent to the 
wearer's undergarments when the sanitary napkin 20 is 

20 worn. The sanitary napkin 20 has two centerlines, a lon- 
gitudinal centerline L and a transverse centerline T. The 
term "longitudinal", as used herein, refers to a line, axis 
or direction in the plane of the sanitary napkin 20 that is 
generally aligned with (e.g., approximately parallel to) a 

25 vertical plane which bisects a standing wearer into left 
and right body halves when the sanitary napkin 20 is 
worn. The terms "transverse" or "lateral" as used herein, 
are interchangeable, and refer to a line, axis or direction 
which lies within the plane of the sanitary napkin 20 that 

30 is generally perpendicular to the longitudinal direction. 
[0014] Figure 1 also shows that the sanitary napkin 
20 has a periphery 21 which is defined by the outer edg- 
es of the sanitary napkin 20 in which the longitudinal 
edges are designated 23 and the end edges are desig- 

35 nated 25. A central region 31 is disposed between two 
end regions 33. The end regions 33 extend longitudinal- 
ly outwardly from the edges of the central region 31 
about 12% to about 33% of the length of the sanitary 
napkin. A detailed description of a sanitary napkin hav- 

40 ing a central region 31 and the two end regions 33 is 
contained in U.S. Patent 4,690,680, issued to Higgins 
on September 1, 1987. 

[001 5] While the topsheet, the backsheet, and the ab- 
sorbent core may be assembled in a variety of well 

45 known configurations (including so called "tube" prod- 
ucts or side flap products), preferred sanitary napkin 
configurations are described generally in U.S. Patent 
4,950,264, issued to Osborn on August 21, 1990; U.S. 
Patent 4,425,130, issued to Desmarais on January 10, 

so 1984; U.S. Patent 4,321,924, issued to Ahr on March 
30, 1982; and U.S. Patent 4,589,876, issued to Van 
Tilburg on August 18, 1987. Figure 1 shows a preferred 
embodiment of the sanitary napkin 20 in which the top- 
sheet 24 and the backsheet 26 have length and width 

55 dimensions generally larger than those of the absorbent 
core 28. The topsheet 24 and the backsheet 26 extend 
beyond the edges of the absorbent core 28 to thereby 
form at least a portion of the periphery 21 . Figure 2 de- 
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picts in greater detail the relationship between the vari- 
ous components of the sanitary napkin view from a 
cross-sectional perspective. 

[0016] The representative absorbent article, sanitary 
napkin 20, is described in greater detail in WO 
97/00656. Suitable test and analytical methods for 
measuring various functional and characteristic at- 
tributes of such absorbent articles are atso described in 
such application. 

The Topsheet 

[0017] In accordance with the present invention, the 
topsheet 24 of sanitary napkin 20 is compliant, soft feel- 
ing, and non-irritating to the wearer's skin. Further, the 
topsheet 24 is liquid pervious permitting liquids (e.g., 
menses and/or urine) to readily penetrate through its 
thickness. A preferred topsheet 24 comprises a three- 
dimensional, macroscopically-expanded, fluid pervious 
formed film web having a textured wearer-contacting 
surface of the type generally described in the aforemen- 
tioned WO 97/00656. 

[0018] Figure 4 depicts in greater detail a topsheet 40 
manufactured in accordance with the process of the 
present invention which is particularly well suited for use 
as a topsheet or acquisition layer in a sanitary napkin or 
other absorbent article, such as topsheet 24 depicted in 
Figures 1 and 2. 

[0019] The material selected for the topsheet is pref- 
erably machinable and capable of being formed into a 
sheet such as sheet 42. Since the topsheet 40 is to be 
used in consumer products which contact the human 
body, the material utilized is preferably soft and safe for 
epidermal or other human contact Preferred materials 
are polymeric materials including, but not limited to poly- 
olefins, particularly polyethylenes, polypropylenes and 
copolymers having at least one olefinic constituent. Oth- 
er polymeric materials such as polyester, nylon, copol- 
ymers thereof and combinations of any of the foregoing 
may also be suitable. While sheet 42 is shown as a film, 
the sheet may, if desired, be in the form of a nonwoven, 
microporous membrane, foam, etc. A presently pre- 
ferred film material comprises a polyethylene film com- 
mercially available from Tredegar Film Products of Terre 
Haute, Indiana, under the trade designation X-10038. 
[0020] If desired, conventional amounts of agents 
may also be added to the polymeric matrix of the sheet 
42. It is often desired to add agents to increase the opac- 
ity of the sheet. Whiteners, such as titanium dioxide and 
calcium carbonate may be used to opacify the sheet 42. 
It may also be desired to add other agents such as sur- 
factants to impart a hydrophilic nature to the sheet 42. 
The sheet 42 may comprise a multilayer polymeric film 
such as those disclosed in commonly assigned U.S. 
Pat. No. 5,006,394 issued to Baird on April 9, 1991 and 
U.S. Pat. No. 5,261 ,899 issued to Visscher et al. on No- 
vember 16, 1993. 

[0021] Figure 4 depicts in greater detail a topsheet 40 



manufactured in accordance with the process of the 
present invention which is particularly well suited for use 
as a topsheet or acquisition layer in a sanitary napkin or 
other absorbent article, such as topsheet 24 depicted in 
5 Figures 1 and 2. The overall form/shape of the macro- 
scopically expanded web 70 is generally in accordance 
with the teachings of commonly assigned U.S. Pat. No. 
4,342,31 4, issued to Radel et al. on August 3, 1982 and 
hereby incorporated herein by reference. Web 70 has 
10 been found suitable for use as a topsheet on a sanitary 
napkin. The term "macroscopicalty expanded", when 
used to describe three-dimensional webs of the present 
invention, refers to webs, ribbons, and films which have 
been caused to conform to the surface of a three-di men- 
's sional forming structure so that both surfaces thereof ex- 
hibit a three-dimensional pattern of surface aberrations 
corresponding to the macroscopic cross-section of said 
forming structure. The surface aberrations comprising 
said pattern being individually discernible to the normal 
20 naked eye, i.e., a normal naked eye having 20/20 vision 
unaided by any instrument that changes the apparent 
size or distance of an object or otherwise alters the vis- 
ual powers of the eye, when the perpendicular distance 
between the viewer's eye and the plane of the web is 
25 about 1 2 inches. The term "fiber-like'' as utilized herein 
to describe the appearance of webs of the present in- 
vention, refers generally to any fine-scale pattern of ap- 
ertures, random or non-random, reticulated or non-re- 
ticulated, which connotes an overall appearance and 
30 impression of a woven or non -woven fibrous web when 
viewed by the human eye. 

[0022] As can be seen in Figure 4, the web's fiber-like 
appearance is comprised of a continuum of fiber-like el- 
ements, the opposed ends of each of the fiber-like ele- 

35 rnents are interconnected to at least one other of the 
fiber-like elements. In the embodiment disclosed in Fig- 
ure 4, the interconnected fiber-like elements form a pat- 
tern network of pentagonally shaped capillaries 72. The 
web 70, which exhibits a fiber-like appearance, embod- 

40 ies a three-dimensional microstructure extending from 
the web's uppermost or wearer-contacting surface 75 in 
plane 76 to its lowermost or absorbent pad-contacting 
surface 78 in plane 79 to promote rapid fluid transport 
from the uppermost surface 75 to the lowermost surface 

45 78 of the web without lateral transmission of fluid be- 
tween adjacent capillaries 72. As utilized herein, the 
term "microstructure" refers to a structure of such fine 
scale that its precise detail is readily perceived by the 
human eye only upon magnification by a microscope or 

so other means well-known in the art. 

[0023] Apertures 85 are formed by a multiplicity of in- 
tersecting fiber-like elements, e.g., elements 86, 87, 88, 
89 and 90, interconnected to one another in the first sur- 
face of the web. Each fiber-like element comprises a 

55 base portion, e.g., base portion 92, located in plane 76. 
Each base portion has a sidewall portion, e.g., sidewall 
portions 93, attached to each edge thereof. The sidewall 
portions 93 extend generally in the direction of the sec- 
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oncl surface 78 of the web. The intersecting sidewall por- 
tions of the fiber-like elements are interconnected to one 
another intermediate the first and the second surfaces 
of the web and terminate substantially concurrently with 
one another in the plane 79 of the second surface. 5 
[0024] In a particularly preferred embodiment, the in- 
terconnected sidewall portions terminate substantially 
concurrently with one another in the plane of the second 
surface to form apertures in the second surface 78 of 
the web. The network of capillaries 72 formed by the n 
interconnected sidewall portions allows for free transfer 
of fluid from the first surface of the web directly to the 
second surface of the web without lateral transmission 
of the fluid between the adjacent capillaries. 
[0025] This preferred formed film web is further pro- 15 
vided with a mu Itiplicity of fibrils 54 or "hairs" on the non- 
apertured portion of its body facing surface. These fibrils 
54 improve the surface wetness characteristics of the 
topsheet 24 by separating the wearer's body from any 
bodily fluids that may remain on the body side surface 20 
of the topsheet 24A. Similarly, this separation from a 
wearer's body improves the acquisition rate for bodily 
fluids. The fibrils 54 also provide the body surface 24A 
with a pleasant, velour-like tactile feel. 
[0026] The fibrils 54 preferably comprise a water re- 25 
sistant resinous material such as CA-1 05, which is com- 
mercially available from Century International of Colum- 
bus, Ohio. The fibril density can vary between about 500 
fibrils per square inch (77 fibrils per square centimeter) 
to about 11,000 fibrils per square inch (1700 fibrils per 30 
square centimeter). Preferably, the fibril density is be- 
tween about 3000 fibrils per square inch (450 fibrils per 
square centimeter) and about 5000 fibrils per square 
inch (775 fibrils per square centimeter). Fibril length can 
vary between about 0.003 inches (0.07 mm) to about 35 
0.04 inches (1 .0 mm). Preferably, the fibril length is be- 
tween about 0.004 inches (0.1 mm) and about 0.01 inch 
(0.3 mm). The Applicants have found that choice of fibril 
length and fibril density allows the rewet characteristics, 
the acquisition characteristics and the tactile feel to be 40 
varied to achieve a desired balance of these character- 
istics. 

[0027] I n order to provide for adequate bonding of the 
fibrils to the film substrate material, since the resinous 
material is deposited as a liquid the surface energy and 45 
surface tension characteristics of the resinous material 
and film material, respectively, are preferably selected 
so that the resinous material adequately "wets" the film 
surface prior to curing. In this fashion, adequate contact 
area between the two materials is available for bonding so 
such that the fibrils are firmly and reliably affixed to the 
film and thus are capable of surviving the range of man- 
ufacturing conditions and in-use conditions forseen. Ac- 
cordingly, polyethylene film materials having a critical 
surface tension of greater than about 34 dynes per cen- 55 
timeter (measured using the modified TAPPI test meth- 
od described in the aforementioned commonly-as- 
signed, co-pending U.S. Patent Application Serial No. 



[Serial No. to be inserted when ascertainable], Attor- 
ney's Docket No. 5877, filed November 22, 1995 in the 
names of Christon and Ahr, entitled "Water Dispersible 
and Flushable Absorbent Article have been found to be 
suitable for use with the CA-1 05 water resistant resinous 
material described above. 

[0028] Preferably, such fibrils are formed from a ma- 
terial which is generally hydrophobic in nature, or from 
a material which is rendered hydrophobic by known 
methods. This provides a wearer-contacting surface 
(the ends of the fibrils) which tends to repel fluids and 
provide a "dry" tactile impression, while the remainder 
of the web retains its hydrophilic characteristics to pro- 
vide for enhanced acquisition properties. Such fibrils are 
described in greater detail in WO 97/00656. 
[0029] The formed film web is preferably treated to 
form a web such that the body surface of the web pro- 
vides a structure which exhibits a surface energy less 
than the surface energy of the intermediate portion. In 
a preferred embodiment, the treated web exhibits a plu- 
rality of regions of comparatively low surface energy 
which define surface energy gradients where they inter- 
face with higher surface energy web surfaces. For ex- 
ample, a silicone resin having a low surface energy can 
be applied to portions of the body surface 24A providing 
such regions of comparatively low surface energy. Webs 
having such surface energy gradients are fully de- 
scribed in U.S. Patent application Serial No. 
08/442,935, filed on May 31 , 1 995 in the name of Ouel- 
lette, et al. 

[0030] In a preferred embodiment of the present in- 
vention, at least portions of the body surface 24A of the 
- topsheet 24 are hydrophilic so as to help liquid to trans- 
fer through the topsheet faster than if the body surface 
was not hydrophilic. Such a hydrophilic surface helps to 
diminish the likelihood that bodily fluids will flow off the 
topsheet rather than flowing into and being absorbed by 
the absorbent core. In a preferred embodiment, sur- 
factant is applied to the body surface 24A of the topsheet 
24 (e. g. by extrusion coating or spraying) before the 
fibrils are printed thereon. Alternatively, the body sur- 
face of the topsheet can be made hydrophilic by treating 
it with a surfactant such as is described in the above 
referenced U.S. Patent 4,950,254. 
[0031] Alternatively, if desired, the area provided with 
fibrils 54 may be of any desired shape, pattern, or cov- 
erage area and of either uniform or non-uniform density. 
[0032] Figure 5 depicts in much greater detail the 
physical structure of a typical fibril 54 such as depicted 
in Figures 3 and 4. Fibril 54 preferably comprises a shaft 
portion 55 which extends from a base 57 to a tip 56. In 
formation, the resin material is deposited as base 57 and 
drawn upward to form shaft 55. The resin material 
abruptly separates from the resin remaining on the 
screen roll 110, forming tip 56, which is preferably slight- 
ly rounded. Fibrils are preferably constructed and ar- 
ranged such that their respective bases 57 are spaced 
at least slightly apart, such that the underlying substrate 
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therebetween is at least slightly exposed for acquisition 
purposes. In addition, the number and size of the fibrils 
must not be so great as to likewise obstruct the capillar- 
ies of the topsheet itself. 

[0033] The resin material utilized to form the fibrils 5 
preferably cures or hardens quickly after the fibril has 
been formed to the desired height and/or configuration. 
In this fashion, the fibril is "locked in" before the resin 
can begin to collapse back downward toward the base 
57 and the fibril loses its shape. This relatively short cure io 
time, or "open time", is also conducive to comparatively 
higher web speeds as it ensures the fibrils are cured (i. 
e., the "open time" elapses) before subsequent web 
handling operations are undertaken. As discussed be- 
low, process techniques may be utilized to provide a re- is 
duced open time for a given resinous material. 
[0034] If desired, the masking capabilities of the top- 
sheet 24 can be enhanced by the addition of a dye or 
filler to the resinous material from which the fibrils 54 
are made. Suitable masking agents include titanium di- 20 
oxide and calcium carbonate. The fibrils 54 themselves, 
as well as the fillers aid in the masking of bodily fluids 
absorbed by the topsheet and the underlying absorbent 
core. The masking agent provides a clean and dry ap- 
pearance by providing additional opacity to the topsheet 25 
as a whole, and particularly the upper surface thereof. 
[0035] Fibrils 54 preferably have sufficient resilience 
by virtue of material properties, length, and thickness so 
as to be at least somewhat resistant to deflection toward 
the web surface when contacted by the wearer in use. 30 
If the fibrils collapse too readily, the effect of separation 
between the wearer and the fibrous hydrophilic sub- 
strate is diminished and increasingly "wet" tactile im- 
pression may be encountered. Collapsed fibrils if too 
great in number may also prove to impair fluid acquisi- 35 
tion by blocking apertures or pores in the substrate. 
[0036] Fibrils 54 extend generally outwardly from the 
wearer-facing surface of the topsheet 24, as depicted 
generally in Figures 3 and 4. In a preferred configura- 
tion, a majority of the fibrils extend generally perpendic- 40 
ularly outwardly from the surface of the web, although 
at least some of the fibrils may extend outwardly at var- 
ious angles. 

[0037] As depicted in Figure 4, a number of the fibrils 
54 are present on the film surfaces which form the cap- 45 
illaries 72 of the formed film web 70. More particularly, 
such fibrils extend outwardly from the sidewalls and to- 
ward the center of the capillaries. Such fibrils provide a 
masking characteristic, i.e., they serve to obscure one's 
view downwardly through the capillaries and into under- so 
lying elements of an absorbent article, without unduly 
and excessively obstructing the passage of fluids 
through the capillaries. The provision of fibrils so orient- 
ed is made possible by the process of the present in- 
vention, as described below. 55 



The Process 



[0038] The preferred method for applying the resin- 
ous material to form the fibrils 54 is by a rotary screen 
printing method. It is to be understood, however, that 
other methods of printing or spraying such resinous pro- 
jections are contemplated by the present invention. 
Such methods include spiral spraying, mist spraying, or 
line spraying, gravure printing, and flexographic print- 
ing. Rotary screen printing is the most preferred be- 
cause the method is capable of producing the sizes and 
densities of fibrils desired and can also be performed at 
high web line speeds. 

[0039] Referring to Figure 6, which illustrates a suita- 
ble resin application apparatus 1 00, the process for pro- 
ducing a three-dimensional, macroscopicaily-expanded 
web having an improved functional surface comprises 
the following steps. The substrate 102, having a mutu- 
ally opposed first side and second side, is unwound from 
a parent roll 104. The substrate 102 is fed to a printing 
station 1 05 comprising a backing roll 1 08, a print roll 110, 
and a feed roll 106. The backing roll 108 is juxtaposed 
with the printing roll 110 to form a nip therebetween. The 
printing roll 110 has a plurality of cells disposed about 
its periphery. In a preferred embodiment, the backing 
roll 108 comprises a backing roll rotatable about its lon- 
gitudinal axis. Resinous material is delivered to the in- 
terior of the print roll 110 by a delivery mechanism (not 
shown) such as those well known in the art. 
[0040] Tension control devices and tracking devices 
(not shown) well known in the art may also be used in 
this process, if such devices are necessary to insure an 
even coating of the resinous material across the entire 
transverse width of the substrate 102. 
[0041] The resinous material is provided to the print 
roll 110 in a liquid state. If the resinous material is in a 
solid state at room temperature, it may be heated to a 
temperature above its melting point. Alternatively, res- 
inous materials in a liquid state at room temperature 
may be utilized. For example, prepolymers comprising 
chemically reactive end groups may be utilized. In this 
case, after depositing the resinous material onto and in- 
to the substrate 102, a subsequent curing step is nec- 
essary to convert a liquid prepolymer into a solid state. 
[0042] In the preferred embodiment of the process, 
the resinous material is heated to at least its melting 
point, causing the resinous material to be flowable. 
[0043] The substrate 1 02 is transported, at a transport 
velocity, relative to the printing roll 110 and the backing 
roll 108, through the nip defined by the printing roll 110 
and the backing roll 1 08. The flowable resinous material 
is disposed in the cells of the printing roil 110. The sub- 
strate 102 is transported through the nip in contacting 
relation with the cells of the printing roll 110. The printing 
roll 1 1 0 rotates about its longitudinal axis at a peripheral 
velocity, thereby applying the flowable resinous material 
from the cells of the printing roll 110 onto the substrate 
102. Preferably, the coating weight of the resinous ma- 
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terial 200 on the substrate 102 is between 0.005 grams 
per square inch and 0.075 grams per square inch 
(0.00078 grams per square centimetre and 0.0116 
grams per square centimetre). 
[0044] Referring again to Figure 6, the web velocity 
and the tangential velocity of the screen roll 1 1 0 are sub- 
stantially the same. This means that the CA-105 resin 
is printed on the web 102 rather than being wiped across 
the web surface. By control of the screen pattern on the 
screen roll 11 0 and of rheology of the CA-105 when it is 
in its melted state, the CA-105 is printed as the fibrils 54 
described above. The holes in the screen are small 
enough and the resinous material is of sufficient viscos- 
ity that the resinous material will not flow through the 
holes in the screen on its own. The doctor blade forces 
the resinous material to fill up the screen holes such that 
a meniscus of material hangs down from the screen to- 
ward the backing roll. As the screen roll and backing roll 
rotate, the screen contacts the substrate at the point of 
the backing roll and the meniscus of resinous material 
transfers from the screen holes onto the substrate. As 
the screen and web separate, the attraction or adhesion 
of the resin material for itself and for the screen surface 
cause a portion of the resin to be pulled upward away 
from the substrate until the separation distance exceeds 
the elastic limitof the resin material, causing the material 
to rupture and form the upper end of the fibril. The point 
of rupture may be controlled by using a hot wire/hot rib- 
bon 1 11 placed at the desired distance from the printing 
roll 110 and the backing roll 108, as is known in the art. 
In this fashion, control of the point of rupture will gener- 
ate fibrils of the desired caliper and shape. 
[0045] With continuing reference to Figure 6, the proc- 
ess according to the present invention may utilize a va- 
riety of types of printing rolls 110 including, but not lim- 
ited to, a screen printing roll and a Gravure printing roll. 
In a preferred embodiment of the claimed invention, a 
screen printing roll is used. A screen printing roll is well 
known in the art, as illustrated by U.S. Patent No. 
4,628,857, issued to A. Robert Coningsby on December 
16, 1986, the disclosure of which is hereby incorporated 
herein by reference. Gravure printing rolls are also well 
known in the art as illustrated by U.S. Patent No. 
4,634,130, issued Feb. 17, 1988, to Sheath et al. and 
incorporated herein by reference to illustrate the general 
state of the art, A presently preferred print roll comprises 
a screen with a hexagonal interlocking mesh pattern 
having an average aperture diameter of 0.035 inches. 
[0046] If desired, the printing roll 1 1 0 may have zones 
which do not print, hereinafter referred to as non-printing 
zones. As printing roll 110 preferably comprises a 
screen printing roll, the screen may have impermeable 
bars which block transmission of the resinous material 
through the screen at the positions of the bars. The ar- 
eas of the printing roll from which resin is applied to the 
substrate 102 are referred to as the printing zone. 
[0047] The non-printing zones may be generally lon- 
gitudinally oriented, parallel to the axis of the printing 



roll. This arrangement produces generally cross ma- 
chine direction oriented zones on the substrate 102 
which do not contain fibrils. This arrangement may be 
utilized if desired to trim the resulting web into individual 
5 topsheets for disposable absorbent articles with the 
non-printed areas located at the margins of the absorb- 
ent articles, etc. 

[0048] Alternatively, the non-printing zones may be 
generally circumferential ly oriented, resulting in ma- 

io chine direction oriented zones of the substrate 102 not 
having the resinous material printed thereon. If desired, 
several repeating units of the web having zones with and 
without the resinous material may be juxtaposed togeth- 
er to form a resulting web which is relatively wide in the 

'5 cross machine direction. The resulting web is then cut 
in the machine direction at positions corresponding to 
the desired zones to produce roll stock for use in later 
production. This arrangement provides the benefits of 
economy of scale in making disposable absorbent arti- 

20 cles. 

[0049] A doctor blade 112 is used to insure that the 
resinous material is evenly metered across the entire 
application face of the printing roll 1 1 0. The doctor blade 
112 is held stationary as the printing roll 110 is rotated, 
25 allowing the doctor blade 1 1 2 to wipe the interior surface 
of the printing roll 110 and force the resinous material 
into the individual cells of the printing roll 110. The 
screen of printing roll 1 1 0 preferably has a thickness of 
approximately 4 to 7 millimeters. 
30 [0050] The backing roll 108 is smooth and can either 
comprise a rotatable backing roll (either driven or freely- 
rotating) or a stationary surface. For the embodiment 
described herein, the printing roll 110 and the backing 
roll 108 are maintained in slightly spaced relation so as 
35 to avoid unduly compressing the substrate material. 
[0051] The printing roll 1 1 0 is preferably heated to pre- 
vent premature solidification of the melted resinous ma- 
terial. A print roll temperature of about 250°F has been 
found to work well with the resinous material and proc- 
*o ess conditions described herein. 

[0052] A suitable resinous material is a hot melt resin 
blend that is available from Century International of Co- 
lumbus, Ohio, under the designation CA-105. 
[0053] The resinous material may be externally heat- 
's ed by known means (not shown) to maintain the material 
in a liquid state and at the proper temperature and vis- 
cosity. Typically the resinous material is maintained at 
a temperature slightly above the melting point The tem- 
perature is considered to be at or above the melting 
® point if the resinous material is partially or wholly in the 
liquid state. If the temperature is too low, it may not trans- 
fer from the printing roll 110 to the substrate 102, or sub- 
sequently, may not be suitable for printing. Conversely, 
if the temperature is too high, the material may not be 
5 viscous enough to be suitable for the printing process. 
However, the temperature should not be so high as to 
damage the substrate 102. For the embodiments de- 
scribed herein, the preferred temperature of the resin- 
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ous material is from 190°F to 250°F (87.8°C to 121 .1 °C) 
at the point of application to the substrate 1 02. This tem- 
perature is above the melting point of the aforemen- 
tioned CA-1 05 resinous material but below that at which 
a significant loss of viscoelasticity occurs. 
[0054] Cooling air may optionally be provided from an 
air cooling system 114. The cooling air may be neces- 
sary to insure that the resinous material already applied 
to the substrate 102 has solidified before the web is re- 
moved from the printing roll 110, i.e., to reduce the ef- 
fective "open time" of the resinous material and ensure 
the open time has elapsed before further manufacturing 
steps are accomplished. Alternatively, backing roll 108 
can be chilled to "freeze" the resinous material into the 
desired fibril configuration. Guide rolls 128 and dancer 
roll 129 may be utilized to maintain the desired web ten- 
sion. 

[0055] Following application of the fibrils 54 to the 
sheet of material, the textured web 201 is fed around 
idler roll 205 and onto the surface of forming drum 210 
about which a forming structure 211 continuously ro- 
tates at substantially the same speed as the incoming 
web. The web of film is driven by the forming drum 210. 
The web 201 is oriented such that the fibrils face away 
from the forming structure 211, and is of the general con- 
figuration of sheet 52 as discussed above with regard 
to Figure 3. The sheet 52 depicted in Figure 3 is there- 
fore an intermediate configuration wherein the fibrils 54 
have been applied but the sheet is still in a generally 
planar configuration prior to the macroscopically-ex- 
panding and ape rtu ring process. It should be noted that 
the two portions of the process (the fibril application por- 
tion and the macroscopically-expanding and aperturing 
portion) may be accomplished one after the other in an 
essentially continuous multi-phase process or may be 
accomplished sequentially with an intervening storage/ 
handling period. In the latter version of the process, the 
sheet 52 in the general form of Figure 3 may be wound 
into a roll after the curing of the fibrils is completed and 
stored, to be later fed onto the forming structure to com- 
plete the formation process. 

[0056] Forming structure 211 comprises a macroap- 
ertured surface, such as a patterned network of pentag- 
on ally-shaped capillaries, and is preferably constructed 
generally in accordance with the teachings of U.S. Pat. 
No. 4,342,314, issued to Radel and Thompson on Aug. 
3, 1982. Forming structure 211 is comprised of a plural- 
ity of individual photoetched lamina. The apertures in 
forming structure 211 may be of any desired shape or 
cross-section when the forming structure is fabricated 
using the laminar construction techniques generally dis- 
closed in the aforementioned patent. 
[0057] The forming drum 210 preferably includes an 
internally located vacuum chamber 220 which is prefer- 
ably stationary relative to the moving forming structure 
211. A pair of stationary baffles (not shown) approxi- 
mately coinciding with the beginning and end of the vac- 
uum chamber 220 are located adjacent the exterior sur- 



face of the forming structure. Intermediate the stationary 
baffles there is preferably provided means for applying 
a fluid pressure differential to the laminate web 201 as 
it passes over the vacuum chamber. In the illustrated 

s embodiment, the fluid pressure differential applicator 
means comprises a high-pressure liquid nozzle 215 
which discharges a jet of liquid, such as water, substan- 
tially uniformly across the entire width of web 201. Ex- 
amples of methods for the production of formed materi- 

io als using a high-pressure liquid stream are disclosed in 
U.S. Pat. Nos. 4,695,422, issued to Curro et al. on Sep- 
tember 22, 1987; 4,778,644, issued to Curro et al. on 
October 18, 1988; and 4,839,216, issued to Curro et al. 
on June 13, 1989. 

15 [0058] The water jet causes the web 201 to conform 
to the forming structure 211 and apertures the web 230 
in the areas coinciding with the capillaries in forming 
structure 211. The pressure of the liquid stream, the tan- 
gential web speed through the fluid pressure differential, 

20 and the temperature of the liquid stream are preferably 
selected so as to achieve sufficient conformity of the 
web to the forming structure without causing detach- 
ment of the fibrils or excessive distortion of their orien- 
tation, or compromising the integrity of the sheet itself. 

25 Processing conditions which have proven satisfactory 
for manufacturing webs of the above-mentioned pre- 
ferred materials are a water temperature of about 1 30° F 
(54.4°C), a water pressure of about 500 psi. (34473 
kPa), and a tangential speed of about 340 feet per 

30 minute (103.6 meter per minute) of the forming struc- 
ture. Of particular importance is the selection of a water 
temperature sufficient to soften the film material for ea- 
sire formation without overly softening the resinous ma- 
terial which comprises the fibrils, and hence causing ex- 

35 cessive distortion or loss of the fibrils when subjected to 
the fluid pressure differential (high pressure fluid 
stream). 

[0059] As discussed above, the surface energy and 
surface tension characteristics of the film material and 
40 the resinous material are preferably selected so as to 
provide a suitable degree of bonding between the re- 
spective materials so as to enable the fibrils to survive 
the formation process (being subjected to the fluid pres- 
sure differential) in substantially their original orienta- 
ls tion. 

[0060] As depicted in Figure 4, as the film material is 
subjected to the fluid pressure differential as it passes 
over the forming structure the material stretches to 
some degree. Consequently, even if the fibrils are ap- 

50 plied to the intermediate or precursor sheet 52 in gen- 
erally uniform fashion (with regard to pattern density/ 
spacing) as presently preferred, the stretching of the film 
causes the fibrils located near the second surface 78 of 
the web to be spaced farther apart in the capillary direc- 

ss tion than the spacing of the fibrils located on or near the 
wearer-contacting surface 75. This additional character- 
istic of the formation process enables a substantially 
uniform pattern density to be selected vis-a-vis the de- 
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sign of the printing roll while reducing the likelihood that 
the fibrils located in the capillaries will unduly obstruct 
the capillaries themselves. 

[0061] Following application of the fluid pressure dif- 
ferential to the web, the three-dimensional, macroscop- 5 
ically-expanded, apertured web 230 is removed from 
the surface of the forming structure 211 about an idler 
roll 225. The apertured web 230 may be utilized without 
further processing as a topsheet in an absorbent article. 
Alternatively, the apertured web 230 may be subjected 10 
to further processing, such as ring rolling, creping, or 
surface treatment as may be desired. Other post-forma- 
tion treatments such as drying or shaking of the web to 
remove residual fluid/water from the formation process 
may also be undertaken. 15 
[0062] The use of a fluid pressure differential to form 
the film after the fibrils have already been applied has 
been found to further enhance the visual and tactile 
properties of the resulting web. More particularly, the 
use of a fluid pressure differential subjects the fibrils to 20 
a degree of bending and flexing, i.e., it "works" the fibrils, 
such that their resistance to bending under an external 
force is at least somewhat lessened, at least some of 
the fibrils are at least slightly permanently deformed 
adding some randomness to their appearance, and the 25 
acuteness of any abrupt comers or ends of resinous ma- 
terial is also at least slightly reduced. The combination 
of resinous material printing of fibrils and forming the 
resulting film through the use of a fluid pressure differ- 
ential thus provides a resulting web with a softer, more 30 
pleasing visual and tactile impression, and a greater de- 
gree of quietness under in-use conditions, than would 
be otherwise obtainable through the use of either proc- 
ess alone. The resulting process is also capable of being 
operated as a continuous integrated process, lending 35 
itself to suitable operating speeds and capacities for pro- 
duction of large quantities of such formed films in eco- 
nomical fashion. 



Claims 

1 . A process for forming a three-dimensional, macro- 
scopically-expanded, fluid pervious web (70) hav- 
ing an improved functional surface, said web (70) 
being formed from a substrate comprising a sheet 
of polymeric material, preferably a polyethylene 
film, said sheet (52) having a first surface and a sec- 
ond surface, said process comprising the steps of: 

50 

(a) printing a plurality of discrete deposits of a 
water resistant resinous material, preferably a 
silicone resin, on said first surface of said sheet 
(52), preferably via a screen printing roll, said 
resinous material having a pre -determined 55 
open time; 

(b) drawing said deposits of said resinous ma- 
terial upwardly from said first surface of said 
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sheet (52), preferably via said screen printing 
roll, to form corresponding fibrils (54) during 
said open time; and 

(c) curing said resinous material, preferably via 
an air cooling system; 

said process being characterized by steps of: 

(d) feeding said sheet (52) onto a forming struc- 
ture having opposed surfaces such that said 
second surface of said sheet (52) is in contact 
with said forming structure (211), said forming 
structure (211 ) exhibiting a multiplicity of aper- 
tures which place the opposed surfaces of said 
forming structure (211) in fluid communication 
with one another; and 

(e) applying a fluid pressure differential, prefer- 
ably comprising a high pressure jet of liquid, 
more preferably comprising a high pressure jet 
of water, across the thickness of said sheet, 
said fluid pressure differential being sufficiently 
great to cause said sheet (52) to rupture in 
those areas coinciding with said apertures in 
said forming structure (211) and to conform with 
said forming structure (211) while substantially 
maintaining the orientation of said fibrils. 

2. The process of Claim 1 , further characterized in that 
said fibrils (54) are provided at a density of between 
3000 fibrils (54) per square inch and 5000 fibril (54) 
per square inch. 

3. The process of either Claims 1 or Claim 2, further 
characterized in that said resinous material is hy- 
drophobic. 

4. The process of any one of Claims 1 to 3, further 
characterized in that said sheet (52) is hydrophitic. 

5. The process of any one of Claims 1 to 4, further 
characterized in that said resinous material has a 
melting temperature which is higher than the tem- 
perature of said high pressure jet of liquid. 

6. The process of any one of Claims 1 to 5, further 
characterized in that said curing step is accom- 
plished by delaying the feeding of said sheet (52) 
onto said forming structure (211) until said open 
time has elapsed. 

7. The process of any one of Claims 1 to 6, further 
characterized in that said fibrils (54) extend out- 
wardly from said first surface of said sheet (52) at 
least 0.004 inches. 

8. The process of any one of Claims 1 to 7, further 
characterized in that said polymeric material exhib- 
its a critical surface tension of at least 34 dynes/cm. 
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9. The process of any one of Claims 1 to 8, further 
characterized in that said discrete deposits of said 
resinous material are provided at a substantially 
uniform pattern density. 

5 

10. The process of any one of Claims 1 to 9, further 
characterized in that said fluid pressure differential 
causes said sheet (52) to be drawn downwardly into 
said apertures, such that capillaries (72) are formed 

in said sheet, said capillaries (72) containing a plu- 10 
rality of fibrils (54) extending therein. 



Patentanspruche 

15 

1. Verfahren fur die Ausbildung eine dreidimensiona- 
len, makroskopisch ausgeweiteten, flussigkeits- 
durchlassigen Gewebes (70), das eine verbesserte 
funktionelle Oberflache aufweist, wobei das Gewe- 
be (70) aus einem Substrat ausgebildet ist, das eine 20 
Schicht aus Polymermaterial, vorzugsweise einen 
Polyethylenfilm, umfaBt, wobei diese Schicht (52) 
eine erste Oberflache und eine zweite Oberflache 
aufweist, wobei das Verfahren folgende Schritte 
umfaBt: 25 

(a) Drucken einer Vielzahl diskreter Ablagerun- 
gen von wasserfestem harzfdrmigem Material, 
vorzugsweise einem Silikonharz, auf die erste 
Oberflache der Schicht (52), vorzugsweise 30 
uber eine Siebdruckwalze, wobei das harzfor- 
mige Material eine vorbestimmte offene Zeit 
aufweist; 

(b) Ziehen der Ablagerungen des harzfdrmigen 
Materials von der ersten Oberflache der 35 
Schicht (52), vorzugsweise uber die Siebdruck- 
walze, nach oben, urn entsprechende Fibrillen 
(54) wahrend der offenen Zeit auszubilden, und 

(c) Ausharten des harzformigen Materials, vor- 
zugsweise uberein Luftkuhlungssystem, wobei 40 
das Verfahren durch folgende Schritte gekenn- 
zeichnet ist: 

(d) Zufuhren der Schicht (52) auf eine For- 
mungsstruktur, die gegenuberliegende Ober- 
flachen aufweist, so daB die zweite Oberflache 45 
der Schicht (52) sich in Kontakt mit der For- 
mungsstruktur (211) befindet, wobei die For- 
mungsstruktur (211) eine Vielzahl von Offnun- 
gen zeigt, die die gegenuberliegenden Oberfla- 
chen der Formungsstruktur (211) in eine flus- so 
sigkeitsleitende Verbindung miteinander ver- 
setzen; und 

(e) Anwenden eines Flussigkeitsdruckdifferen- 
tials, wobei dieses vorzugsweise einen Hoch- 
druckstrahl einer Flussigkeit Oder besser noch 55 
einen Hochdruckstrahl von Wasser umfaBt, 
uber der Dicke der Schicht, wobei das Flussig- 
keitsdruckdifferential ausreichend groB ist, urn 



zu bewirken, daB die Schicht (52) in den Ge- 
bieten, die mit den Offnungen in der Formungs- 
struktur (211) zusammenfallen, reiBt, und sich 
der Formungsstruktur (211) anpaBt, wahrend 
sie im wesentlichen die Ausrichtung der Fibril- 
len aufrecht halt. 

2. Verfahren nach Anspruch 1 , wobei es weiter da- 
durch gekennzeichnet ist, daB die Fibrillen (54) in 
einer Dichte zwischen 3000 Fibrillen (54) pro Qua- 
dratinch und 5000 Fibrillen (54) pro Quadratinch 
vorgesehen sind. 

3. Verfahren nach Anspruch 1 oder 2, weiter dadurch 
gekennzeichnet, daB das harzformige Material 
wasserabweisend ist. 

4. Verfahren nach einem der Anspruche 1 bis 3, weiter 
dadurch gekennzeichnet, daB die Schicht (52) hy- 
drophil ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, weiter 
dadurch gekennzeichnet, daB das harzformige Ma- 
terial eine Schmelztemperatur aufweist, die hdher 
als die Temperatur des Hochdruckstrahls der Flus- 
sigkeit ist 

6. Verfahren nach einem der Anspruche 1 bis 5, weiter 
dadurch gekennzeichnet, daB der Aushartungs- 
schritt durch das Verzogern der Zufuhr der Schicht 
(52) auf die Formungsstruktur (211 ), bis die offene 
Zeit abgelaufen ist, erzielt wird. 

7. Verfahren nach eine m der Anspruche 1 bis 6, weiter 
dadurch gekennzeichnet, daB die Fibrillen (54) sich 
von der ersten Oberflache der Schicht (52) urn min- 
destens 0,004 Inch nach auBen erstrecken. 

8. Verfahren nach einem der Anspruche 1 bis 7, weiter 
dadurch gekennzeichnet, daB das Polymermaterial 
ein kritische Oberflachenspannung von mindestens 
34 Dyn/cm aufweist. 

9. Verfahren nach einem der Anspruche 1 bis 8, weiter 
dadurch gekennzeichnet, daB die diskreten Abla- 
gerungen des harzformigen Materials in einer im 
wesentlichen gleichformigen Musterdichte vorge- 
sehen werden. 

10. Verfahren nach einem der Anspruche 1 bis 9, weiter 
dadurch gekennzeichnet, daB das Flussigkeits- 
druckdifferential bewirkt, daB die Schicht (52) nach 
unten in die Offnungen gezogen wird, so daB Kapil- 
laren (72) in der Schicht ausgebildet werden, wobei 
die Kapillaren (72) eine Vielzahl von Fibrillen (54) 
enthalten, die sich in ihnen erstrecken. 
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Revendications 

1 . Procede de formation d'une nappe permeable aux 
fluides (20), tridimensionnelle, etendue de maniere 
macroscopique, ayant une surface fonctionnelle 5 
amelioree, ladite nappe (70) etant formee a partir 
d'un substrat comprenant une feuille de materiau 
polymere, de preference, un film de polyethylene, 
ladite feuille (52) ayant une premiere surface et une 
deuxieme surface, ledit procede comprenant les 10 
etapes qui consistent a : 

(a) imprimer une pluralite de depots discrets de 
matiere resineuse resistant a I'eau, de prefe- 
rence, une resine de silicone, sur ladite premie- is 
re surface de ladite feuille (52), de preference, 

a I'aide d'un rouleau d'impression a ecran, la- 
dite matiere resineuse ayant un temps ouvert 
predetermine ; 

(b) etirer lesdits depdts de ladite matiere resi- 20 
neuse vers le haut a partir de ladite premiere 
surface de ladite feuille (52), de preference, a 
I'aide dudit rouleau d'impression a ecran, pour 
former des fibrilles (54) correspondantes pen- 
dant (edit temps ouvert ; et 25 

(c) faire durcir ladite matiere resineuse, de pre- 
ference, a I'aide d'un systeme de refroidisse- 
ment a I'air ; 

ledit procede etant caracterise par les etapes 30 
qui consistent a : 

(d) amener ladite feuille (52) sur une structure 
de formation ayant des surfaces opposees de 
telle sorte que ladite deuxieme surface de ladite 35 
feuille (52) soit en contact avec ladite structure 

de formation (21 1 ), ladite structure de formation 
(211) presentant une pluralite d'ouvertures qui 
mettent les surfaces opposees de ladite struc- 
ture de formation (21 1 ) en communication flui- 40 
dique I'une avec ('autre ; et 

(e) appliquer, sur I'epaisseur de ladite feuille, 
une pression hydraulique differentielle, consti- 
tute de preference d'un jet de liquide a haute 
pression, et constitute tout particulierement 45 
d'un jet d'eau a haute pression, ladite pression 
hydraulique differentielle etant suffisamment 
grande pour entramer ladite feuille (52) a se 
rompre dans les regions qui coincident avec 
lesdites ouvertures de ladite structure de for- so 
mation (211) et a epouser ladite structure de 
formation (211), tout en conservant essentiel- 
lement ('orientation desdites fibrilles. 



pouce carre. 

3. Procede selon la revendication 1 ou la revendica- 
tion 2, caracterise, en outre, en ce que ladite ma- 
tiere resineuse est hydrophobe. 

4. Procede selon I'une quelconque des revendications 
1 a 3, caracterise, en outre, en ce que ladite feuille 
(52) est hydrophile. 

5. Procede selon I'une quelconque des revendications 
1 a 4, caracterise, en outre, en ce que ladite matiere 
resineuse a une temperature de fusion qui est su- 
perieure a la temperature dudit jet de liquide a haute 
pression. 

6. Procede selon Tune quelconque des revendications 
1 a 5, caracterise, en outre, en ce que Petape de 
durcissement est mise en oeuvre par retardement 
de I'amenee de ladite feuille (52) sur ladite structure 
de formation (211) jusqu'a ce que ledit temps ouvert 
se soit ecoule. 

7. Procede selon I'une quelconque des revendications 
1 a 6, caracterise, en outre, en ce que lesdites fi- 
brilles (54) s'etendent vers I'exterieur a partir de la- 
dite premiere surface de ladite feuille (52) sur au 
moins 0,004 pouce. 

8. Procede selon I'une quelconque des revendications 
1 a 7, caracterise, en outre, en ce que ledit materiau 
polymere presente une tension superficielle critique 
d'au moins 34 dynes/cm. 

9. Procede selon I'une quelconque des revendications 
1 a 8, caracterise, en outre, en ce que lesdits depots 
discrets de ladite matiere resineuse sont effectues 
a une densite par region essentiellement uniforme. 

10. Procede selon I'une quelconque des revendications 
1 a 9, caracterise, en outre, en ce que ladite pres- 
sion hydraulique differentielle entratne ladite feuille 
(52) a etre attiree vers le bas dans lesdites ouver- 
tures, si bien que des capillaires (72) sont formes 
dans ladite feuille, une pluralite de fibrilles (54) 
s'etendant a I'interieur desdits capillaires (72). 



2. Procede selon la revendication 1 , caracterise, en 
outre, en ce que lesdites fibrilles (54) sont realisees 
a une densite de fibrilles comprise entre 3000 fi- 
brilles (54) par pouce carre et 5000 fibrilles (54) par 
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Fig. 2 
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Fig. 4 
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